Emotional suppression of the Attentional Blink in Autism Spectrum

Disorder
Traditionally, investigations of the emotional competences of individuals with ASD have focused on the study of emotional behaviours within the context of social cognition. Behavioural abnormalities are well established in this domain (e.g. Hobson, 2002) and although the developmental significance of these remains the matter of debate (see Baron-Cohen, 1995; Frith, 2003; Hobson, 2002; Leslie & Frith, 1990; Loveland, 2005 for relevant discussions), neuroscientific investigations converge on the idea that abnormalities of the amygdala are most likely responsible (e.g. Bachevalier, 2000 ; Baron-Cohen, Ring, Bullmore, Wheelwright, Ashwin & Williams, 2000; Schultz, 2005) . The amygdala, however, is not only involved in the mediation of socially relevant emotional behaviours and processes. It plays an important role in our emotional lives regardless of whether we are alone or in the company of othersmodulating learning and memory (e.g. LeDoux, 1994; Hamann, 2001; McGaugh, 2000; Phelps, 2004) , altering decisions (e.g. Bechara, Damasio & Damasio, 2003; Bechara, Tranel, Damasio & Damasio, 1996) and influencing perceptions of the world (e.g. Anderson & Phelps, 2001) . In recent years, several researchers have started to use this extensive literature on amygdala function heuristically to study the integrity of emotional processes in ASD outside the context of social cognition.
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Studies of fear conditioning, for instance, have shown that individuals with ASD only learn the association between a noxious stimulus and a neutral one when the contingencies between the two are relatively predictable (Bernier, Dawson, Panagiotides & Webb, 2005) but not when they are more variable (Gaigg & Bowler, 2007) . Individuals with ASD have also been found to retain emotionally significant information no differently from non-emotional information (Beversdorf, Anderson, Manning et al., 1998; Deruelle, Hubert, Santos & Wicker, 2008; Gaigg & Bowler, 2008; Gaigg & Bowler, under review; but see South, Ozonoff, Suchy et al., 2008) and decision-making processes in such individuals seem to be atypically influenced by the motivational significance of the decisionmaking choices (Johnson, Yechiam, Murphy, Queller & Stout, 2006 ; but see South et al., 2008) . In short, accumulating evidence suggests that emotional processing abnormalities in ASD extend to domains outside the broader context of social cognition.
The current experiment was designed to extend the aforementioned literature to the domain of attention where the amygdala is also known to play a modulatory role as a function of the hedonic value of environmental stimuli (e.g. Anderson & Phelps, 2001; Armony & Dolan, 2001) . To date most studies relevant to this domain in ASD (see Schultz, 2005 for a relevant review), have involved assessments of attention to socially relevant emotional signals, with some studies noting abnormalities (e.g. Corona, Dissanayake, Arbelle, Wellington & Sigman, 1998) whilst others do not (Ashwin, Wheelwright & Baron-Cohen, 2006) .
Only two studies have attempted to extend this literature to the non-social domain, and here too the findings are inconsistent. South et al., (2008) found that typical and ASD participants exhibit similarly enhanced detection of fear-relevant (e.g. snake) vs. fear-irrelevant (e.g. flower) stimuli in a visual search task, which supports the finding by Ashwin et al. (2006) , that individuals with ASD demonstrate a typical anger-superiority effect in visual search paradigms employing socially relevant stimuli (i.e. faster detection of angry vs. non-angry facial expressions). A recent study employing a phenomenon known as the 'Attentional Blink' (AB), on the other hand, showed that the emotional significance of words did not capture the attention of individuals with ASD to the same extent as for typical participants (Corden, Chilvers & Skuse, 2008) , which is in line with our observation that individuals with ASD do not seem to retain physiologically arousing words in qualitatively distinct ways over time (Gaigg & Bowler, 2008) .
The AB (Raymond, Shapiro & Arnell, 1992 ) describes a period of reduced awareness, elicited during tasks where participants are required to identify two target stimuli embedded among distracters in rapid serial visual presentation (RSVP). Correct identification of the first target (T1) markedly attenuates identification of a second target (T2) occurring between 180-500 ms following T1.
When T2 is emotionally charged, however, the AB phenomenon is attenuated (Keil & Ihssen, 2004) , and this attenuation is thought to be mediated by a neural system involving the amygdala (Anderson & Phelps, 2001 ).
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The experiment we report here can be thought of as a replication of Corden et al. (2008) even though the two studies were conceived independently of one another (Corden et al's., 2008 findings only came to our attention after having prepared this manuscript). In fact, the two studies differ in important ways methodologically, thus strengthening the findings of each. Our rationale for the experiment is based on our previous finding that individuals with ASD do not seem to retain physiologically arousing words in qualitatively distinct ways over time (Gaigg & Bowler, 2008; Gaigg & Bowler, under review) . On the basis of this finding we hypothesised that such individuals would not accumulate distinct representations of emotional words in long-term memory, making it unlikely that such words would capture their attention in an AB paradigm.
Method
Participants
Twenty five individuals with a diagnosis of ASD (20 male, 5 female) and 25 typically developed individuals (20 male, 5 female) participated in the current study. Individuals with ASD were diagnosed by experienced clinicians and a review of available medical records and/or assessment with the Autism Diagnostic Observation Schedule (ADOS; Lord, et al., 1989) confirmed that all met DSM-IV (American Psychiatric Association, 2000) criteria for Autism Spectrum Disorder. Typical participants were recruited from the local community, and individually matched to within 7 points of verbal IQ (WAIS-III UK ; The Psychological Corporation, 2000) to ASD participants. Groups were also matched in terms of performance IQ, full-scale IQ and age. The relevant descriptive statistics for these group characteristics are set out in Table 1 . The experimental procedures outlined below adhere to the ethical guidelines set out by the British Psychological Society and were approved by the University's ethical committee.
[
INSERT TABLE 1]
Materials & Design
The stimuli included a pool of 590 distracter words and 120 target words.
Distracter words were 7 letters long and had a minimum written frequency male first names. The latter were included to control for the possibility that semantic distinctiveness rather than the emotional quality of words per se facilitated T2 detection. In this context it is also worth noting that in previous studies ASD participants and typical participants did not differ in terms of either their galvanic skin responses to emotionally charged words or their subjective ratings of arousal of such words (Corden et al., 2008; Gaigg & Bowler, 2008) . T1
words and T2 words were closely matched on letter length as were the three subcategories of T2 words. Neutral and emotional T2s were also equated on ratings of familiarity, which we obtained in a separate normative study in which 49 undergraduate students (35 female, 14 male) rated a set of 130 emotionally charged and neutral words on a 9-point scale (1 = not at all familiar; 9 = very familiar). The mean ratings for the neutral and emotional words included in the current experiment were 8.08 (SD = .50) and 7.84 (SD = 0.32) respectively. In order for the male first name T2s to be maximally distinct, we chose those that were most common in the UK. 
Procedure
Participants were tested individually in a sound attenuated laboratory and informed that they would be shown 180 very rapid word sequences that consisted mainly of blue words but also two red words that they should try and identify (written responses were requested). For ethical reasons, participants were forewarned about the sexually explicit and offensive nature of some of the words included in the study. To avoid a bias in favour of detecting emotionally charged words, participants were also told that they would see male first names.
They were not told that the first red word was always neutral. Following the instructions, participants were asked for their consent and given a series of practice trials constructed from a separate pool of words (all neutral). Once they were confident that they had understood what was required of them, the experimenter started the experimental trials and left the room.
Results
Prior to analysing T2 detection rates, we computed the proportion of correctly reported T1 words for each of the 9 experimental conditions (3 T2 word types x 3 lag conditions). As expected, detection rates for these targets were very For the analysis of T2 detection rates, only trials on which T1 was correctly identified were taken into account since only these trials reliably index the AB phenomenon (e.g. Keil & Ihssen, 2004) . Figures 1a and 1b 
Discussion
The current experiment adopted the Attentional Blink paradigm in order to determine whether a group of individuals with ASD, like typically developed individuals, would exhibit enhanced attention to emotionally significant words.
Based on our previous observation that individuals with ASD do not retain emotionally charged words in a qualitatively distinct manner over time (Gaigg & Bowler, 2008; Gaigg & Bowler, under review) , we predicted that the magnitude of the AB would not be modulated by the emotional significance of words in this group. Although our analyses revealed no between-group differences that would support this prediction, within-group analyses clearly indicated that the effect of emotion on T2 detection was reduced (and actually not statistically reliable) in the ASD group. In addition, the emotional modulation of the AB in the ASD group was unusually associated with participant's verbal IQ. Together, this pattern of results supports the recent observations by Corden et al. (2008) in showing that the emotional significance of words does not capture the attention of individuals with ASD as readily as that of typical individuals. Importantly, the present and Corden et al. (2008) studies differed with respect to the use of control measures to rule out the possibility that general processing demands, rather than emotionspecific demands, were responsible for the atypical pattern of performance by individuals with ASD. Corden et al. (2008) manipulated perceptual properties of T2s (i.e. brightness) for this purpose whereas we manipulated the semantic properties of T2 words (i.e. by including male first names). In both cases, these manipulations affected performance in ASD and typical participants similarly and in both cases performance of typical participants was affected much more by the emotional properties of T2 words. Since it is difficult to know how best to equate emotional and non-emotional words on distinctiveness, the two studies together present a strong case for the specificity with which emotion per se modulates early perceptual processes in the AB paradigm. In turn, this strengthens the conclusion that the atypical pattern of performance observed in individuals with ASD represents abnormalities in emotion specific processes.
The present findings did not only strengthen the observations by Corden et al. (2008) but also revealed an interesting and unusual association between VIQ and the magnitude of the emotional modulation of the AB in the ASD group.
Such associations between VIQ and task performance parallel findings from socio-emotional tasks, such as those assessing the ability to identify emotion from facial or bodily expressions (e.g. Ozonoff, Pennington & Rogers, 1990 ). This may suggest that difficulties in emotional processes within and outside the social domain in ASD are the result of a common developmental pathway. Corden et al. (2008) came to a similar conclusion after noting that the attenuated emotional modulation of attention in the AB paradigm was associated with poorer performance on a facial fear recognition task. It will be important for future research to clarify how emotional processing difficulties within and outside the social domain relate to one another over the course of development, because such clarification would contribute valuable information to the long-standing debate as to whether ASD is fundamentally a disorder of socio-cognitive or emotional development (e.g. Baron-Cohen, 1995; Hobson, 2002) . It will also be important to extend the work on non-social emotional processing to lower functioning individuals from the autism spectrum in order to establish whether findings such as the current ones are representative of the broader phenotype of the condition.
At the neural level of analysis, the present findings invite the inference that abnormalities in amygdala functioning may be responsible for the atypical pattern of performance by individuals with ASD. Although several lines of evidence from both the typical and ASD literature (e.g. Anderson & Phelps, 2001; De Martino, Kalish, Rees & Dolan, 2008; Schultz, 2005) would support this suggestion, it is important to remember that the amygdala operates within complex neural systems. In the context of the AB paradigm, for instance, interactions between the amygdala, cingulate cortex and frontal cortical areas seem to be important (De Martino et al., 2008) and the abnormality in ASD may lie anywhere in this system (or perhaps even outside it). As Corden et al., (2008) point out, functional imaging studies will be an important next step in this context and our prediction 16 for such studies would be that the functional connectivity between the amygdala and relevant cortical areas of the brain would be compromised in ASD (see Gaigg & Bowler, 2007; Gaigg & Bowler, 2008 for further discussion). Regardless of the nature of the neural correlate, however, a hypothesised amygdala involvement seems to serve a useful heuristic purpose for furthering our understanding of the cognitive characterisation of emotional processing difficulties in ASD. In this respect the current findings add to a growing literature that demonstrates atypicalities in this domain outside the broader context of social cognition. 
